Background {#Sec1}
==========

Physical activity (PA) is recommended to patients that have survived a myocardial infarction (MI) \[[@CR1]\]. Physical activity is defined as any bodily movement produced by contraction of skeletal muscles resulting in energy expenditure above the basal level \[[@CR1]\]. It may be promoted in a counseling intervention \[[@CR1], [@CR2]\] and as part of a cardiac rehabilitation program, including exercise-based training and lifestyle counseling components \[[@CR3]\]. Such interventions have shown that performance of PA or exercise can reduce the risk of mortality by follow-up \[[@CR3], [@CR4]\]. The association between *leisure time physical activity* (LTPA), including leisurely walking and other recreational and sports activities, on clinical outcomes, also deserves attention. Previous work \[[@CR5]\] has demonstrated a strong association between LTPA and mortality among post- MI patients, when comparing performance of no LTPA to performance of weekly regular LTPA and irregular LTPA. Building on the previous work, in the current work we explore differences in mortality risk also based on the number of regular weekly LTPA minutes by refining the category of regular weekly LTPA to include more categories, in order to understand if patients who performed more regular LTPA had a lower mortality risk than those who performed less regular LTPA.

To further explore the benefits of LTPA in post-MI patients, it is worthwhile to uncover which groups of patients may benefit the most from LTPA. Patients at a higher risk of mortality may have a greater need for preventive measures, including performance of LTPA, to reduce the risk. Heart failure (HF) may be an important modifier of the relationship between performance of LTPA and mortality risk, because although on the one had post-MI HF patients have worse prognosis \[[@CR6]\] compared to patients who did not develop HF \[[@CR7]\], PA performance may be a protective factor among HF patients by reducing the risk of cardiovascular events and mortality \[[@CR8]\]. Since post-MI patients who developed HF are at risk of mortality not only due to having had an MI in the past, but also due to their HF, LTPA, as a protective factor may demonstrate a larger effect in terms of reduction of mortality risk. The first aim of the current work is thus to assess whether HF is a modifying factor in the relationship between LTPA and mortality risk.

Also psychosocial factors may have an effect on prognosis \[[@CR9]\]. A systematic review and meta-analysis reveals that two years after initial assessment of coronary heart disease (CHD), depressed patients are more than twice as likely to die as non-depressed patients \[[@CR10]\] and that socially unsupported post-MI patients have a 2--3-fold higher risk of mortality \[[@CR11]\]. Since depressed and socially unsupported patients have a higher risk of mortality than non-depressed and socially supported patients, and therefore more room for improvement in terms of reduction of mortality risk, they may benefit relatively more from LTPA. Specifically, in their case, LTPA may be a protective factor due to having had an MI in the past, as well as due to their psychosocial status, and may therefore demonstrate a larger effect on mortality risk. The second aim is therefore to assess if depression and/or social support moderate the relationship between LTPA and mortality risk among patients with a history of MI.

Finally, a secondary question remains as to whether these high-risk patients actually participate in LTPA. Patients with HF have a reduced exercise tolerance \[[@CR12]\], making it difficult for them to exercise. They may therefore be less likely to perform activity than post-MI patients who are HF-free. This could mean that the patients who may benefit the most from LTPA may also be less likely to engage in it, and therefore do not gain the potential benefits. The third aim is therefore to assess the relationship between HF status and LTPA.

In summary, we hypothesize that (1) more LTPA is inversely related to mortality risk (Fig. [1](#Fig1){ref-type="fig"}), (2) HF status moderates this relationship, such that HF patients benefit relatively more from higher levels of LTPA, (3) depression and (4) social support moderate the relationship between LTPA and mortality risk, such that more depressed and less social supported patients benefit relatively more from higher levels of LTPA, and (5) patients with HF perform less LTPA.Fig. 1Conceptual model depicting the hypothesized associations between the variables^1^. ^1^Hypothesis 1: Leisure time physical activity will be related to reduced mortality rates; Hypothesis 2: Heart failure status will moderate the relationship between leisure time physical activity and mortality, such that heart failure patients will benefit more than HF-free patients; Hypothesis 3: Depression will moderate the relationship between leisure time physical activity and mortality, such that patients with high scores will benefit more than patients with low depression scores; Hypothesis 4: Social support will moderate the relationship between leisure time physical activity and mortality, such that patients with low scores will benefit more than patients with high social support scores; Hypothesis 5: Patients with HF, high depression scores and/or low social support scores will perform less leisure time physical activity

Method {#Sec2}
======

Study design and sample {#Sec3}
-----------------------

Data were drawn from the Israel Study of First Acute Myocardial Infarction, a longitudinal prospective cohort study investigating the effects of various socio-demographic, medical and psychosocial variables on long-term clinical outcomes and quality of life in patients hospitalized for index MI \[[@CR13], [@CR14]\]. The total sample included patients aged 30--65 years, who were admitted to one of eight medical centers in central Israel between February 1992 and February 1993. The parent study was approved by the Ethics Committees of all medical centers involved (Wolfson, Holon; Sheba, Tel Hashomer; Tel Aviv Sourasky, Tel Aviv; Meir, Kfar Sava; Assaf Harofeh, Zerifin; Beilinson, Petach Tikvah; Hasharon, Petach Tikvah; and Laniado, Netanya) and ratified by the Institutional Ethics Committee of Tel Aviv University, and participants gave written informed consent.

Data collection {#Sec4}
---------------

Within the Israel Study of First Acute Myocardial Infarction, demographic, socioeconomic and clinical data were collected from medical records and structured interviews one week, 3-6 months, 1--2 years, 5 years and 10--13 years following index MI hospitalization. We used data collected at the latter measurement point, because extensive data on clinical and psychosocial factors were measured in all survivors, in contrast to other measurement points, which targeted a sub-sample, and because it is the most recent measurement point, in which HF is more common (patients are older). Data were obtained through structured interviews, questionnaires, and review of medical records. The data on the following variables was used for the current analysis: Age, sex, educational level, occupational status, HF status, comorbidity status, smoking status, obesity, participation in cardiac rehabilitation, relevant medication prescriptions, depression and social support.

Variable measures {#Sec5}
-----------------

### Outcome variable {#Sec6}

Follow-up mortality data were obtained through 2011. Death was determined through data from the Israeli Population Registry.

#### Leisure time physical activity {#FPar1}

To assess LTPA, patients were asked to rate their LTPA (walking and other activities including gym, exercise at home such as on an exercise bicycle or treadmill, swimming, tennis, soccer/basketball/volleyball, or other) as regular (weekly), irregular (not weekly), or none. Patients that rated their LTPA as regular were asked to report the average frequency and duration of each session \[[@CR5]\]. Regular LTPA was divided into three categories: 1--150, 150--300, or \>300 weekly minutes. There were therefore five LTPA categories, including no LTPA, irregular LTPA and the three regular LTPA categories.

#### Heart failure status {#FPar2}

HF was defined according to clinical history (previous HF-related hospitalization) and a New York Heart Association (NYHA) classification of III-IV.

Psychosocial variables {#Sec7}
----------------------

Depression was assessed using the depression subscale of the Mental Health Inventory (MHI). The MHI includes 38 items, rated on a 7-point likert scale, ranging from 1 (very strongly disagree) to 7 (very strongly agree). The psychonomic properties of the MHI were assessed on a Israeli sample \[[@CR15]\]; the depression subscale had an internal consistency (α) of 0.88. Social support was assessed using the Multidimensional Scale of Perceived Social Support (MSPSS) \[[@CR16]\], which has an internal consistency (α) of .92 to .95 for its three subscales \[[@CR17]\]. This scale is used to measure the perceived availability of support and includes twelve items, which assess three sources of support: Family, friends, and a significant other. Items are rated on a 7-point likert scale, ranging from 1 (very strongly disagree) to 7 (very strongly agree). The MSPSS has been used in previous research on this dataset \[[@CR18]\].

Confounders {#Sec8}
-----------

### Socio-demographic data {#Sec9}

Educational level was assessed by asking patients to indicate the number of years of formal education they have received. Occupational status was assessed by asking patients to indicate if they are working, retired, never worked, or stopped working for another reason than retirement.

### Clinical variables {#Sec10}

The clinical variables included conditions other than HF and smoking status. Although there was data available for many conditions within the Israel Study of First Acute Myocardial Infarction, conditions other than HF regarding which information was available (including diabetes, peripheral vascular disease, cerebrovascular disease, cancer, ulcer disease, chronic renal disease, chronic obtrusive pulmonary disease) were selected for inclusion in the current study based on their appearance in the Charlson Comorbidity Index \[[@CR19]\]. Conditions were classified dichotomously (having versus not having a condition other than HF). Smoking status, obtained by information from structured interviews \[[@CR13], [@CR20]\] was classified as never smoked, previously smoked, or currently smoking. Information on weight and height was used to calculate body mass index (BMI) by dividing the weight by the height squared. Obesity was categorized in three categories, based on the World Health Organization's (WHO) categorization \[[@CR21]\], including below normal until normal weight (BMI \< 25, pre-obese (25 \< =BMI \< 30), and obese (30 \< =BMI). Below normal weight and normal weight were grouped in one category due to the small number of below normal weight participants in the sample (*N* = 4).

### Treatment-related variables {#Sec11}

Medication prescriptions were extracted from personal interviews and questionnaires. Patients were asked to indicate if they have ever participated in cardiac rehabilitation.

### Statistical analyses {#Sec12}

Baseline data are presented as percentage or mean (standard deviation). Baseline characteristics across LTPA categories were compared using the using the Mantel--Haenszel chi-square test for trend for categorical variables and generalized linear models for continuous variables. To test the first hypothesis, cox proportional hazards models were constructed to evaluate covariate-adjusted hazards ratios (HR's) and 95 % confidence intervals (CI's) associated with LTPA categories. The reference category was defined at no LTPA. Five models, taking into account risk factors for poor post-MI prognosis, were constructed. These models adjusted for: sex and age (basic model, i.e., Model 1); sex, age, educational level and occupational status (demographic model, i.e., Model 2); sex, age, HF status, having a comorbidity, smoking status and obesity (clinical model, i.e., Model 3); sex, age, having received cardiac rehabilitation, being prescribed ACE inhibitors, beta blockers, aspirin, and statins (treatment-related model, i.e., Model 4); and finally, sex, age, depression and social support (psychosocial model, i.e., Model 5). In addition, in order to test the association linearly, the models were tested with LTPA as a continuous variable. The proportional hazards assumption was tested by plotting partial residuals against survival time (i.e. survival, in days, at follow up), with no violations detected.

To test whether the estimated HR's for the HF and HF-free patients were statistically different from each other, interaction terms between HF-status and each of the LTPA categories were added to the basic model described above. The basic model was selected since it was the most parsimonious of the constructed models and since LTPA was associated with less mortality in all models, including the basic one. A p cutoff value of 0.10 was used as the significance level for the interaction terms, due to difficulties in detecting moderation effects \[[@CR22]\], and based on strategies for detecting moderator variables reported elsewhere \[[@CR23]\]. In case of significant interaction terms (i.e. *p* \< 0.10), HR's for each group were presented separately. In case of non-significant interaction terms, stratified analyses were only performed to check whether estimated HR's for each group were indeed similar, or were different but with wide and overlapping confidence intervals.

To test the third and fourth hypotheses, regarding moderation effects of depression and social support, it was tested whether the estimated HR's for high depression/high social support and low depression/low social support were statistically different from each other by adding interaction terms between depression/social support and each of the LTPA categories to the basic model described above. To explore whether associations between LTPA categories and mortality differed between patients with high and low depression scores, and between socially supported and unsupported patients, stratified analyses were conducted, when significant interaction terms (i.e. *p* \< 0.10) were observed, by comparing high to low depression/social groups. Groups were defined using the median scores as a cutoff. Again, in case of non-significant interaction terms, stratified analyses were only performed to check whether estimated hazard ratios for each group were indeed similar, or were different but with wide and overlapping confidence intervals.

To test the fifth hypothesis, the relationship of LTPA with HF status was evaluated using a one-way analysis of variance. Bonferroni post-hoc analyses were performed to test for differences in HF status among LTPA categories. A *p* \< 0.05 was regarded as statistically significant. For interaction terms *p* \< 0.10 was regarded significant, due to a lower power to detect significant interactions.

Results {#Sec13}
=======

The sample included 1169 patients, who completed the measurement at the fifth interview 10--13 years after index MI (see Additional file [1](#MOESM1){ref-type="media"}: Table S1 for sample characteristics). At this time point, 237 (20 %) had developed HF (see Additional file [2](#MOESM2){ref-type="media"}: Table S2 for the characteristics of the HF subsample). During a median of 8.4 years follow-up after the fifth interview, 303 deaths occurred (26 % of the sample), of which 122 were in HF cases (i.e., 51 % of the HF cases) and 179 in HF-free cases (i.e., 19 % of the HF-free cases). Of the 303 deaths, 51 % performed no LTPA, 19 % performed irregular LTPA, 13 % performed 1--150 and 8 % performed 151--300 and 8 % performed \> 300 weekly minutes of LTPA.

Of the post-MI patients, 37.7 % reported being inactive, 19.1 % reported being irregularly active, 14.5 % reported performing less than 150 weekly﻿ minutes of LTPA, 14.5 % reported performing 151--300 weekly minutes of LTPA, and 13.8 % reported performing more than 300 weekly minutes of LTPA. Men performed more LTPA than women (*p* for trend \< 0.01). Educational level and having participated in the past in cardiac rehabilitation were positively related to LTPA (p for trend \< 0.01). Having HF, having at least one other comorbidity than HF and depression were negatively related to LTPA (p for trend \< 0.01). Out of the inactive participants, 35 % had died by follow-up, followed by 26 % of the irregularly active participants, 17 % of the regularly active participants who had performed 1--150, 14.7 % who performed 151--300, and 22.6 % who performed \>300 weekly minutes.

Is more LTPA related to a reduced mortality risk? {#Sec14}
-------------------------------------------------

Patients who performed irregular, 1--150, 151--300, or \>300 weekly minutes of LTPA all had a lower mortality risk than patients who performed no LTPA (*p* \< 0.01 for all; Table [1](#Tab1){ref-type="table"}). In addition to the significant categorical relationships, also linear relationships were found; significant linear trends of LTPA were found in all models (p for trend \<0.01 for all).Table 1Hazard ratios (95 % CI's) for the relationships between leisure time physical activity categories and survival in the post-MIModel 1Model 2Model 3Model 4Model 5HR (95 % CI)HR (95 % CI)HR (95 % CI)HR (95 % CI)HR (95 % CI)No LTPA (reference)11111Irregular LTPA0.66 (0.49, 0.90)0.66 (0.49, 0.90)0. 76 (0.55, 1.03)0.69 (0.51, 0.93)0.79 (0.55, 1.13)1--150 min0.49 (0.34, 0.71)0.49 (0.34, 0.71)0.64 (0.44, 0.93)0.52 (0.36, 0.75)0.53 (0.34, 0.82)151--300 min0.30 (0.19, 0.47)0.33 (0.21, 0.52)0.40 (0.25, 0.66)0.33 (0.21, 0.52)0.39 (0.24, 0.65)\>300 min0.39 (0.26, 0.58)0.39 (0.26, 0.58)0.50 (0.33, 0.76)0.41 (0.28, 0.61)0.49 (0.31, 0.76)*p* for trend ^a^\<0.01\<0.01\<0.01\<0.01\<0.01*HR* hazard ratio, *95%CI* 95 % confidence interval, *LTPA* Leisure time physical activityModel 1: Basic model, adjusted for age and sex; Model 2: demographic model = Model 1 + adjustments for educational level and occupational status; Model 3: clinical model = Model 1 + adjustments for HF status, having a comorbidity, smoking status and obesity; Model 4: treatment-related model = Model 1 + adjustments for having received cardiac rehabilitation, being prescribed ACE inhibitors, beta blockers, aspirin, and statins; Model 5 : psychosocial model = Model 1 + adjustments for depression and social support^a^Based on Cox regression analyses with LTPA as a continuous variable

Does heart failure status moderate the relationship between leisure time physical activity and reduced mortality risk? {#Sec15}
----------------------------------------------------------------------------------------------------------------------

No interaction of HF by LTPA was found (all interaction terms were *p* \> 0.30; see Additional file [3](#MOESM3){ref-type="media"}: Table S3). Further exploration by means of analyses stratified by HF status confirmed that the observed estimates for the two groups were very similar.

Does depression moderate the relationship between leisure time physical activity and survival? {#Sec16}
----------------------------------------------------------------------------------------------

Patients with a high level of depression, who performed 1--150 min of weekly LTPA, had a lower mortality risk than patients with a high level of depression who performed no LTPA (*p* = 0.08; Table [2](#Tab2){ref-type="table"}). Patients with a low level of depression did not have a reduction in mortality risk associated with performance 1--150 min of weekly LTPA. There was no difference in terms of mortality risk between depressed and non-depressed patients who performed irregular, 151--300 or \>300 weekly minutes of LTPA (all interaction terms had a *p* \> 0.10).Table 2Hazard ratios (95 % confidence Intervals) in the stratified analysis comparing mortality risk related to leisure time physical activity of patients with high versus low depression and high versus low social supportHigh depression^a^Low depression^a^p-value interaction termHigh social support^a^Low social support^a^*p*-value interaction termHR ^b^ (95 % CI)HR ^b^ (95 % CI)HR ^b^ (95 % CI)HR ^2^ (95 % CI)No LTPA: Reference category1111Irregular LTPA0.80 (0.52, 1.24)0.63 (3.4, 1.15)0.630.82 (0.47, 1.43)0.69 (0.44, 1.09)0.561--150 min0.43 (0.25, 0.75)0.69 (0.36, 1.32)0.080.71 (0.39, 1.27)0.40 (0.21, 0.77)0.09151--300 min0.28 (0.13, 0.58)0.45 (0.23, 0.88)0.410.40 (0.20, 0.80)0.30 (0.14, 0.62)0.45\>300 min0.48 (0.29, 0.81)0.42 (0.20, 0.86)0.820.38 (0.19, 0.79)0.51 (0.30, 0.87)0.10*p* for trend\>0.01\>0.010.39\>0.01\>0.010.56*HR* hazard ratio, *CI* confidence interval, *LTPA* leisure time physical activity^a^Based on a cutoff value of median depression = 7 and median social support = 5.6^b^HR adjusting for age and sex

Does social support moderate the relationship between leisure time physical activity and mortality risk? {#Sec17}
--------------------------------------------------------------------------------------------------------

The interaction between social support and LTPA was significant for the category 1--150 min (*p* = 0.09; Table [2](#Tab2){ref-type="table"}). Patients with a low level of social support who performed 1--150 min of weekly LTPA had a lower mortality risk compared to patients with a low level of social support who performed no LTPA. Patients who had a high level of social support did not have a reduction in mortality risk associated with performance of 1--150 weekly minutes of LTPA. The interaction was borderline significant for the category \>300 min (*p* = 0.10). Patients with high social support who performed \>300 min had a lower mortality risk than patients with a high social support who performed no LTPA. A similar relationship was not observed in patients who had a low level of social support. All other interaction terms of LTPA categories by social support were found non-significant (*p* \> 0.10).

Is heart failure status related to performance of leisure time physical activity? {#Sec18}
---------------------------------------------------------------------------------

Heart failure status was significantly related to LTPA (p for trend \<0.01). Bonferroni post-hoc analyses demonstrated that patients who performed no LTPA were more likely to have HF than those in all other LTPA categories (*p* \< 0.01). Patients who performed irregular LTPA were more likely to have HF in comparison to those that performed 151--300 weekly minutes of LTPA (*p* = 0.04). Differences between all other LTPA categories were non-significant.

Discussion {#Sec19}
==========

A persistent, inverse association between LTPA and mortality risk was demonstrated in the current study in a sample of post-MI patients, irrespective of HF status and when adjusting for basic, demographic, clinical, treatment-related and psychosocial covariates. These results replicate previous work demonstrating the survival benefits related to being active for post-MI patients \[[@CR5]\]. The current work adds to previous investigations through the refinement of the regular weekly LTPA variable into three categories based on minutes of LTPA per week, and by exploring potential moderators for the association, thereby allowing making practical recommendations for LTPA promotion. Moreover, previous studies with HF patients have focused on exercise training \[[@CR24], [@CR25]\] and on PA following a counseling intervention \[[@CR4]\]. This is the first study to focus specifically on PA conducted at leisure time among HF patients.

Our hypothesis regarding the moderating effects of HF status on the inverse relationship between LTPA and mortality risk was not met. This indicates that HF patients were just as likely to benefit from LTPA as HF-free patients with a history of MI. Therefore, interventions to promote LTPA may be beneficial for inactive patients with and without HF. It may be necessary, however, to target interventions separately at the two groups because HF and HF free post-MI patients differ from each other on a number of characteristics, including age \[[@CR7]\].

Depression and social support partially moderated the relationship between LTPA and mortality risk. It was found that patients with high depression scores, as well as those with low social support scores, appear to benefit from *any* amount of regular, weekly, LTPA, i.e. that low levels of LTPA are already beneficial for these groups. It was also found that performing more than 300 min of LTPA was more strongly related to survival in the high social support group than in the low social support group, although both groups benefitted from conducting more than 300 min of LTPA.

Finally, it was found that patients with HF were less likely to perform LTPA in comparison to those without HF. This indicates that in particular HF patients may have a need for LTPA promotion interventions, especially in light of the fact that they benefit from LTPA just as much as the HF-free patients. There is evidence that preventive interventions targeting specifically the HF patient population, can be effective \[[@CR4]\]. More research is necessary to clarify the direction of causality, however, as there is also evidence that patients who are less active are more likely to develop HF \[[@CR26]\].

There are a number of strengths in the current work. The results make an important contribution to current knowledge about the relationship among LTPA and mortality risk among post-MI patients. It replicates results regarding the survival benefits of PA performed at leisure among patients with a history of MI, but using a more refined LTPA variable, thereby contributing to more specific recommendations regarding LTPA promotion. It is the first study exploring the moderating effects of HF status on this relationship. Since prognosis is low among HF patients \[[@CR6]\] this association is of particular importance. The inverse association between LTPA performance and mortality risk was evaluated in models that adjusted for a range of relevant variables, thereby increasing the confidence in the observed effects.

There are also a number of limitations. Based on the results, it is unclear if certain characteristics of active patients, for example a better health status, can account for the observed associations between LTPA and survival. Known mortality risk factors were adjusted for in the statistical models, but it is still possible that factors beyond the scope of the current work account for the findings. A limiting factor of the current work is that the baseline mortality risk of participants was not taken into account. However, with survival analyses it is not possible to estimate the baseline risk. Performing another type of analysis, such as logistic regression, would not have been preferable in this case, because it would have not been possible to take time into account in the model. Selection bias may have also been a limitation. The selection of HF patients was based on hospitalization history and a NYHA III-IV class, rather than the Framingham criteria for HF diagnosis \[[@CR27]\]. Furthermore, patients who died before index MI, as well as patients who died during index hospitalization, were not included. Finally, LTPA measurement was not optimal, because it was self-reported, rather than assessed with objective measurement techniques such as accelerometers \[[@CR28]\]. It is often difficult for economic and pragmatic reasons to assess LTPA with accelerometers in prospective cohort studies, but some studies have done this \[[@CR29]--[@CR31]\], although notably with smaller sample sizes. Furthermore, the self-report measure of LTPA provided information regarding duration of LTPA but not on exercise intensity or about more specific modes of physical activity, and effects of LTPA may be dependent on intensity and may be different for specific activities.

Conclusions {#Sec20}
===========

In conclusion, in a sample of post-MI Israeli patients, LTPA positively predicted reductions in mortality risk, irrespective of HF status, although HF patients were less likely to be physically active than HF-free patients. There was some evidence that depression and social support moderate the inverse relationship between LTPA and mortality risk, indicating that more depressed patients and patients with less social support may already benefit from relatively fewer weekly minutes of LTPA. These findings have implications for LTPA promotion among patients with a history of MI.
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